A culture method has been developed in which erythroid colonies are produced in vitro from hemopoietic cells from the livers of 13-day fetuses of C3Hf/Bi mice. Heme synthesis by the cultures was correlated with the presence of these colonies, and the hemoglobin produced was shown to be electrophoretically normal. The individual colonies were identified as erythroid since they were erythropoietin-dependent, positively stained by the histochemical 'Lepehne' procedure for hemoglobin, and labeled by 59Fe radioautography. Evidence is presented that the development of these colonies is under separate control from that of granulocytic colonies found in the same cultures.
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Hemopoietic differentiation along the erythroid line begins with a single pluripotent stem cell and ends with the production of a cohort of cells whose activities are directed almost exclusively to the synthesis of a single protein, hemoglobin. Because hemoglobin is a well-characterized and easily assayed protein, it has served as a useful marker for investigation of this process. Hemoglobin synthesis has been induced in vitro by the hormone erythropoietin in mass cultures of rat (1) , rabbit (2) , human bone marrow (3) , and mouse fetal liver cells (4, 5) . If colonies of hemoglobin-synthesizing cells could be obtained in vitro, analysis of the functions of individual cells in the erythroid differentiation process would be greatly simplified.
Methods of obtaining colonies of differentiating hemopoietic cells in vitro developed over the past few years have involved the use of semisolid agar (6) (7) (8) , methylcellulose (9) , or plasma (McLeod and Shreeve, to be published). Cell suspensions prepared from mouse spleen, bone marrow, and fetal liver and from rat and human bone marrow have been shown to give rise to both granulocyte and macrophage colonies. However, no evidence of erythroid colonies has been reported in any of these culture systems, even though in at least one case the medium was supplemented with erythropoietin (10) . Fetal In the present communication, we describe the production of colonies in vitro under the influence of erythropoietin, show that the cells in these colonies are engaged in hemoglobin synthesis, and present evidence that the induction of erythroid colonies in the cultures is controlled independently of the induction of granulocytic colonies.
MATERIALS AND METHODS

Mice
C3Hf/Bi Oci mice were bred in the Division of Laboratory Animal Science, University of Toronto. Fetuses of known age were obtained by leaving one male overnight with three or four females and on day 13 taking those mice found pregnant.
Preparation of cell suspensions
Liver cell suspensions were prepared from 13-day fetal mice by the method of Cole and Paul (4) except that the livers were trypsinized at 4VC for 2 hr instead of overnight. Bone marrow suspensions were prepared by the technique described by Till and McCulloch (11 Determination of heme synthesis rates 1-2 ,uCi of transferrin-bound 59Fe (14) was diluted in 0.5 ml medium NCTC 109 and added to culture plates after 78 hr of incubation. After a further 18 hr, 1 ml of 0.05% trypsin (3 X crystallized, Worthington Biochemical Corp., Freehold, N.J.) was added to each plate and cultures were incubated for 5 min at 370C. The plasma clots were then transferred to 15-ml centrifuge tubes, an additional 1 ml of 0.05% trypsin was added, and after 15 min at 370C, fetal calf serum was added to a final concentration of approximately 2%, and heme was extracted as described previously (5).
Radioautography
Plasma clots from 59Fe-labeled cultures were transferred to slides, fixed, washed, and stained for hemoglobin, but not counterstained. Slides were then dipped in liquid emulsion (Nuclear Track Emulsion, NTB3 Eastman Kodak Co., Rochester, N.Y.), stored for 2-3 weeks, and developed. The resulting radioautographs were poststained with hematoxylin and made permanent.
Polyacrylamide gel electrophoresis
Cell lysates were prepared and hemoglobins separated by gel electrophoresis by the method of Barker (15) . To matic erythroblasts) (Fig. 1) ; only an occasional mitotic figure remained. By the 7th day of culture, very few erythroid colonies could be seen.
We then determined whether the Lepehne-positive colonies were in fact colonies of hemoglobin-synthesizing cells. The liver cells from 13-day fetuses were cultu-at 1 X 106 and 2.5 X 105 cells per plate. Erythropoietin (0.24 U/ml) was added to half of the cultures at each cell concentration. Eight erythropoietin-treated and eight control cultures at the higher cell concentration were treated at various times with 1-2 uCi of transferrin-bound 69Fe for 4 hr, and heme extractions were performed. After 6-96 hr of culture, five erythropoietin-treated and five control cultures at the lower cell concentration were stained by the modified Lepehne technique. The total number of Lepehne-positive colonies with more than 20 cells was counted.
The rate of heme synthesis decreased during the first 24 hr of culture in both erythropoietin-treated and control cultures (Fig. 2, top) . However, in erythropoietin-treated cultures, there was then a sharp increase in the rate of heme synthesis, which reached a peak by 48 hr and then gradually declined. In control cultures, the rate of heme synthesis fell and then remained low throughout. In the erythropoietintreated cultures, the onset of heme synthesis preceded the appearance of Lepehne-positive colonies. Fig. 2 (bottom) shows that by 48 hr Lepehne-positive colonies were present in considerable numbers, and by 72 hr a peak of around 1200 colonies per plate was reached; the colony number then declined. In control cultures only very few Lepehne-positive colonies were ever found. These results establish the fact that the formation of Lepehne-positive colonies is an erythropoietin-dependent process.
To obtain independent evidence as to whether the heme synthesis detected in the cultures was performed by cells in the individual Lepehne- An attempt was next made to determine whether the production of erythroid colonies is related to, or independent of, the production of granulocytic colonies in the same cultures. It had been shown previously that the production of granulocytic colonies in hemopoietic cell cultures was stimulated by conditioned medium (8, 9, 17). The work described above had shown that the production of erythroid colonies was stimulated by erythropoietin, and that colonies of erythroid and granulocytic type could be clearly distinguished in the same cultures. Therefore, four groups of cultures were set up in which (a) standard medium was used as control, (b) erythropoietin was added but conditioned medium omitted, (c) conditioned medium but not erythropoietin was added, and (d) both erythropoietin and conditioned medium were added. Each group included eight plates at 2.5 X 105 cells and six plates at 5.0 X 105 cells per culture.
After 78 hr, 1-2 ACi of transferrin-bound "Fe was added to each of the cultures at the higher cell concentration, and after a further 18 hr, heme synthesis was determined. At the end of 4 days of incubation, all cultures at the lower cell concentration were stained and the numbers of Lepehnepositive and peroxidase-positive colonies in each group were determined.
The pooled results from three such experiments are given in Table 1 . In the control group in which neither conditioned medium nor erythropoietin was included, very few colonies were found, and most of them could not be classified. When erythropoietin was included, there was a great increase in the total number of colonies that developed, and most of these were erythroid. Concomitantly, there was a great increase in heme synthesis rate by the cultures. In the cultures with conditioned medium but no erythropoietin, the number and proportion of granulocytic colonies increased greatly, but there was no effect on erythroid colony number and only a slight effect on heme synthesis. When both erythropoietin and conditioned medium were included, there followed an increase in both erythroid and granulocytic colonies over controls. These results indicate that the production of erythroid colonies was virtually independent of the production of granulocytic colonies.
We next tried to culture adult mouse bone marrow under the conditions developed for production of erythroid colonies by mouse fetal liver cells. The Lepehne-positive colonies obtained were smaller than those produced by fetal liver zells, and the plating efficiencies were somewhat lower. However, these colonies were also erythropoietin-dependent. When bone marrow cells were obtained from mice that had previously been made hypoxic by exposure to a pressure of 0.5 atmosphere for 2 days, the number of erythroid colonies increased about 3-fold. The culture method described here thus appears to be useful for production of erythropoietindependent colonies of hemoglobin-synthesizing cells from adult as well as from fetal hemopoietic tissue.
DISCUSSION
A method has been presented for obtaining colonies of erythroid cells in cultures of hemopoietic cells from the liver of 13-day C3Hf/Bi mouse fetuses. The development of these colonies was shown to depend on the presence of the hormone erythropoietin in the medium, and the colonies were shown to be composed of hemoglobin-synthesizing cells. Moreover, the conditioned-medium dependency of granulocytic colonies (8, 9, 16) Addition of erythropoietin did not result in a decrease in the number of granulocytic colonies, nor did addition of conditioned medium result in a decrease in the number of erythroid colonies. The production of erythroid colonies thus appeared to be independent of the production of granulocytic colonies in the same cultures. Although other possibilities exist, these data would be consistent with the hypothesis that the two types of colonies are derived from separate cells. Suspensions of liver cells from 13-day C3Hf/Bi mouse fetuses thus may contain cells already committed as progenitors of erythroid colonies and cells already committed as progenitors of granulocytic colonies, each able to respond to its own appropriate stimulus-either erythropoietin or the active agent in conditioned medium, but not both. The response to each stimulus would be a burst of cell proliferation and differentiation of the respective class of cells.
At present, the term CFU-S is used to refer to the cell that gives rise to colonies in the spleens of supralethally irradiated mice after intravenous injection of bone marrow cells, while the term CFU-C is used in reference to hemopoietic cells that give rise to colonies (mainly granulocytic) in culture (17) . With the evidence in the present paper that not only granulocytic but also erythroid colonies can be obtained in vitro, it may be operationally useful to replace the term CFU-C by two terms, CFU-G and CFU-E, the former to signify the cellular unit responsible for the production of granulocytic colonies, and the latter to refer to the cellular unit that gives rise to erythroid colonies, in culture.
Evidence from sedimentation velocity measurements (5) indicates that the CFU-S is not identical with the cell(s) that respond(s) to erythropoietin by an increased rate of heme synthesis in mass cultures of mouse fetal liver. Whether
